Mutational spectrum
To date, there have been more than 25 published autosomal dominant mutations identified in the coding region of the PAX2 gene. The majority of these mutations occur in exons 2-4 (encoding the paired domain) and exons 7-9 (encoding the transactivation domain). The most common recurrent mutations are frameshift mutations within a homoguanine stretch (7Gs) in exon 2 (c.76dup, c.76del, c.75_76dup). [1] [2] [3] These mutations were originally identified as 619insG, 619delG and 619insGG.
Three genomic rearrangements of the PAX2 gene have been reported to date: A balanced 10;13 chromosome translocation with break points between PAX2 exons 3 and 4, 4 a large cytogenetically visible deletion of the PAX2 gene involving 90 other genes 5 and a small 200 kb deletion of the entire PAX2 locus identified by high-density array CGH (Raca G and Schimmenti L personal communication).
Analytical methods
Current test methodology is either bidirectional (Minnesota, USA; Otago, NZ) or unidirectional (Paris, France) Sanger sequencing of all 12 coding exons of the PAX2 gene and adjoining intronic regions. Analysis for exon copy number variation by MLPA is under investigation in Minnesota, USA. Analysis for exon copy number variation by quantitative PCR was investigated in Paris, France. As copy number variation was not detected in more than 40 samples in Paris, this testing is not routinely performed.
Analytical validation
Full sequencing of six blinded samples that had been previously sequenced (Minnesota, USA).
A mutation positive sample is included in each analysis (Otago, New Zealand).
1.8 Estimated frequency of the disease (Incidence at birth ('birth prevalence') or population prevalence)
Because of the rarity of the disease, the precise incidence at birth is not known. In patients with renal hypodysplasia, 7% will have mutations in PAX2. 6 1.9 If applicable, prevalence in the ethnic group of investigated person There is no known ethnic group with a higher incidence of this condition. Affected patients have been identified from Caucasian, Asian and African groups.
Diagnostic setting
Comment: Requests for testing in all four categories have occurred in each of three clinical laboratories. mutations were identified in 7/99 (7%) of patients. 6 3. In a published series of 100 patients with colobomatous eye abnormalities (including iris colobomas), only one patient had a mutation in PAX2. 8 This patient had optic nerve and renal findings consistent with renal coloboma syndrome. 4. In two families, described by Parsa et al, 9 with phenotypes consistent with renal coloboma syndome (Papillorenal syndrome), no mutations were identified by sequencing of the coding region of the PAX2 gene and adjacent intronic regions. 5. In the combined experience of the three labs contributing to this review, 48/208 probands have mutations in the PAX2 gene (23%). Many of these individuals did not have classic findings of renal coloboma syndrome. If this group is limited to individuals with documented evidence of optic nerve abnormality and renal hypodysplasia, mutations were identified in 34/59 cases (57%).
TEST CHARACTERISTICS

Clinical specificity (proportion of negative tests if the disease is not present)
The clinical specificity can be dependent on variable factors such as age or family history. In such cases, a general statement should be given, even if a quantification can only be made case by case. The clinical specificity is expected to be 499%. No mutations have been reported in the medical literature in individuals without clinical findings. A single individual carrying an R252X mutation has been found to have normal ophthalmological exam and normal renal function (Paris, France). This individual had a brother with the same mutation presenting with classic renal coloboma syndrome.
Positive clinical predictive value (life-time risk to develop the disease if the test is positive)
Penetrance is believed to be extremely high. One non-penetrant individual was reported (Heidet, Paris France). Although characterized by high penetrance, renal coloboma syndrome is also characterized by extremely variable expression. With the exception of the above-mentioned case, all known gene positive individuals have had at least optic nerve finding (optic nerve coloboma and optic nerve dysplasia) or kidney finding (renal failure and renal hypodysplasia).
Negative clinical predictive value (probability not to develop the disease if the test is negative)
Assume an increased risk, based on family history for a non-affected person. Allelic and locus heterogeneity may need to be considered.
Interpretation of negative clinical results require caution in interpretation as described below:
Index case in that family had been tested: If a mutation has been identified in the affected proband, the negative predictive value of the test is 100%.
Index case in that family had not been tested: PAX2 sequencing has no negative predictive value if the mutation has not been identified in the proband.
CLINICAL UTILITY
3.1 (Differential) diagnosis: the tested person is clinically affected (To be answered if in 1.10 'A' was marked) 3.1.1 Can a diagnosis be made other than through a genetic test?
Describe the burden of alternative diagnostic methods to the patient.
The most invasive procedure that might be considered in diagnosis is renal biopsy. However, renal biopsy cannot determine whether or not the kidney disease is due to PAX2 mutations. Most of the above procedures would be pursued, regardless of gene testing results, as testing assists in medical management.
3.1.3
How is the cost effectiveness of alternative diagnostic methods to be judged? Not applicable. If the test result is negative (please describe): If the test result is negative in the asymptomatic individual, this may relieve the burden of being concerned about developing renal failure.
Will disease management be influenced by the result of a genetic test?
Individuals with optic nerve dysplasia (coloboma) are at increased risk of retinal detachment. Close clinical observation for changes in vision will improve clinical outcomes if addressed early.
Which options in view of lifestyle and prevention does a person at-risk have if no genetic test has been done (please describe)?
Individuals could choose to have ophthalmological examinations and renal evaluations to look for sub-clinical features of the disease. Individuals could also make lifestyle choices to minimize the chance of kidney failure and retinal detachment.
Genetic risk assessment in family members of a diseased person
(To be answered if in 1.10 'C' was marked)
Does the result of a genetic test resolve the genetic situation in that family?
A positive gene test in the index patient would clearly establish the presence of an autosomal dominant disease with a 50% risk to each of his/her children.
In index cases with no known family history, gene testing of the parents may demonstrate that one parent carries a mutation, which would place future children at 50% risk. Alternatively, normal genetic testing in both clinically unaffected parents is consistent with a de novo origin for the mutation. Parents in this situation should be reassured that the risk of recurrence is low. Parents should be cautioned that, although the recurrence risk is low, both maternal and paternal germline mosaicism have been reported in the medical literature, 10, 11 and mosaicism has been identified on one other occasion in a clinical laboratory (Minnesota, USA). Thus, the risk of recurrence is higher than the general population risk for renal coloboma syndrome. Owing to the rarity of renal coloboma syndrome, the frequency of germline mosaicism is not known.
Individuals at risk in a family with an identified mutation can be identified and managed prospectively to prevent ophthalmological complications of retinal detachment and prevent other complications of renal insufficiency. In most cases in which there is a clearly pathogenic mutation (ie, frameshift, nonsense or splice-site mutations), predictive genetic testing is available to asymptomatic family members. In cases with novel missense mutations or novel intronic variations that do not affect conserved splice sites, predictive testing should be accompanied by a careful discussion of the fact that excluding the familial variant may not actually exclude the disease. (To be answered if in 1.10 'D' was marked) 3.4.1 Does a positive genetic test result in the index patient enable a prenatal diagnosis? Yes, if a clearly pathogenic mutation is identified in the index patient, then prenatal diagnosis is available to pregnancies at 50% risk. However, a positive prenatal test might not be able to predict the severity of the findings in the affected fetus. The absence of a mutation in a fetus at 50% risk would exclude the diagnosis.
Prenatal diagnosis
In a fetus with renal hypoplasia, renal agenesis, or renal dysgenesis identified by prenatal ultrasound, the finding of a PAX2 mutation may confirm the cause for the renal findings, but may not accurately predict future prognosis.
Some caution should be used in the use of prenatal test results in cases in which the proband carries a novel missense or intronic mutation of uncertain clinical significance.
IF APPLICABLE, FURTHER CONSEQUENCES OF TESTING
Please assume that the result of a genetic test has no immediate medical consequences. Is there any evidence that a genetic test is nevertheless useful for the patient or his/her relatives? (Please describe).
One important consideration is that gene-positive individuals might be at risk for having pregnancies with renal agenesis/Potter sequence. This has been reported on at least two occasions in the medical literature. 12, 13 This may affect decisions about child bearing and fetal monitoring during pregnancy. This is an important point, as some individuals with relatively mild renal disease may have pregnancies with lethal renal agenesis.
Identification of a pathogenic PAX2 mutation allows couples the option of pursuing either prenatal diagnosis or preimplantation genetic diagnosis.
